Background: There is currently considerable uncertainty regarding what the predic-
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| Study population
Data of all positive DBPCFCs in children (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) were extracted from the Food Challenge Unit Database of our tertiary care pediatric allergy department at Beatrix Children's Hospital, University Medical Center Groningen (UMCG). The study population consisted of children referred to our center because of suspected food allergy. No children were excluded due to a history of previous anaphylactic reactions. The medical ethics committee of the UMCG deemed that formal medical ethical approval was not required for this study, as all procedures were performed as part of routine clinical care.
Extraction of the data on study patients from the Food Challenge Unit Database was completed using the following inclusion criterion: a positive DBPCFC on the verum test day according to protocol. 20, 21 Additionally, to allow for sufficient power for the food-specific analysis, only challenges conducted with the 5 most commonly challenged foods were extracted (cow's milk, hen's egg, peanut, hazelnut, and cashew nut). In children with multiple food challenges, only the first challenge for each food was included.
| Double-blind, placebo-controlled oral food challenges
The food challenges were double-blind and placebo-controlled with the suspected food and placebo administered on separate days.
The food challenges were conducted according to previously published methods and protocols. [20] [21] [22] [23] In brief, the suspected allergenic food or placebo was hidden in a food matrix capable of masking sensory detection. 20 The dose of the allergenic food was determined using an incremental scale, specific for the food tested. The doses were given at 30-minute intervals, and the dose steps used are displayed in Table 1 . The food challenge was considered to be positive when objective or repeated or persistent subjective allergic symptoms occurred during the verum test day but not on the placebo day. If symptoms occurring on the verum day were significantly more severe than the symptoms on the placebo day, the food challenge was deemed positive. Unblinding of the test occurred 48 hours after the second food challenge day. Information 
Clinical Implications
Clinicians should not assess a patient's risk of experiencing severe reactions from the eliciting dose obtained from graded food challenges, as eliciting dose only contributes marginally to reaction severity.
on the nature and frequency of previous food allergic reactions was obtained in addition to the general atopic history prior to the DBPCFC.
| Scoring system for the severity of reaction
A scoring system from Astier et al 24 ranging from 0 to 5 was used for determining the severity of reaction. The symptoms occurring during the verum day of the DBPCFC and of the most severe accidental reaction by history were used to score the severity. Patients were classified according to their most severe symptom and received the corresponding grade. Mild symptoms occurring at home after leaving the hospital after 2 hours of symptom-free observation after the DBPCFC on the verum day were placed in severity grade 0.
Children never having consumed the allergic food and thus never having had an accidental reaction to the food were placed in the severity grade 0 for the accidental reaction. As there is currently no clear consensus on the use of scoring systems for the severity of allergic reactions, an additional scoring system 25 ranging from 0 to 12 was used to compare the severity of allergic reactions during the food challenge and the severity of the most severe accidental reaction by history.
| Measurement of food-specific IgE levels
Serum samples were collected as part of the routine clinical workup for food allergy and were drawn within 6 months of the DBPCFC. 
| Severity of reaction during DBPCFCs
Using the enter method, a significant model for prediction of the severity of reaction in the DBPCFC emerged (R 2 = 0.235, P < .001).
Results from the analyses of the original data and from the pooled data following the multiple imputation procedure are shown in T A B L E 2 Characteristics of the study population according to the severity grade of the DBPCFC reaction Table 3 . After analysis with multiple linear regression, significant independent predictors for the severity of reaction time during the 
| Severity of accidental reactions
A significant model was also found for predicting the severity of reactions following accidental ingestion (R 2 = 0.073, P < .001).
Results from the analysis of the original data and from the pooled multiple imputation are shown in Table 4 . Significant independent predictors for more severe reactions were increasing age (B = 0.03, P = .014), milk as causative food (B = 0.77, P < .001), cashew as causative food (B = 0.54, P < .001), a negative history of atopic dermatitis (B = À0.47, P = .006), and a more severe DBPCFC reaction (B = 0.12, P = .003). Thus, children with a history of atopic dermatitis generally had less severe accidental reactions. Having uncontrolled asthma, defined as having daily symptoms; a clinical history of asthma; or allergic rhinoconjunctivitis was not predictive of the severity of the accidental reaction. Moreover, age of onset of food allergy; time interval between ingestion and reaction; and a family history of atopic disease were not predictive of the severity of the accidental reaction (data not shown).
| Subgroup analysis for the severity of reaction per type of food
To examine possible differences between the types of food, the data were analyzed separately for each type of food (see Table 5 and Table 6 ). This analysis showed that there was a large difference in the ability to predict the severity of cow's milk DBPCFCs compared 
| Sensitivity analysis scoring systems
The analysis was repeated using the scoring system from van der Table E1 and Table E2 (Supplemental Material).
| DISCUSSION
Prediction of the severity of reactions is important to be able to accurately target the management of food allergic reactions, for example, with the prescription of epinephrine auto-injectors. However, with the T A B L E 5 Prediction of the severity of DBPCFC reaction (Astier) risk factors identified in our study, we were only able to predict 23.5%
of the severity of reactions during DBPCFC and 7.3% of the severity However, our results suggest that the impact of dose limitation as a public health measure is unlikely to reduce severe reactions significantly more than milder ones.
The assessment of the severity of the food allergic reaction is a matter of debate. We show that our results are quite consistent when 2 different scoring systems are used. The difference in these 2 scoring systems is to be found in the severe end of the range, which is reached more quickly as symptoms increase with the Astier scoring system than with that of van der Zee. Factors related to severity which have a distribution similar to the severity scores generated by one or the other of these scoring systems will give differences in their ability to predict the outcome. This may even give conflicting results within the same data set, as was the case in our study, where a lower ED was seen to predict greater severity using the scoring system of Astier, but a lower severity using that of van der Zee. This underlines the need for analyses using different scoring systems to identify factors which are sensitive to the scoring system used. Conversely, such an approach may also identify factors which are not sensitive to such differences, hence reflecting the robustness of such factors. Our current data showed that higher SPT ratio, a higher level of sIgE, and a more severe accidental reaction were in the latter category and thus were independent predictors of the severity of challenge reactions for both scoring systems. For the severity of the accidental reaction, independent predictors for both scoring systems were increasing age and reactions to milk and cashew.
The severity of cow's milk DBPCFC reactions could be predicted by the level of sIgE, SPT ratio, and a family history of atopic dermatitis with an explained variance of 27.0%. This is higher than for the whole combined group (23.5%) and for the peanut DBPCFC reactions (5.3%). This result suggests that different factors might be more relevant for predicting the severity of reaction for each type of food, including factors which are currently unknown.
Age has previously been examined as a predictor for the severity of reactions. Adolescents and young adults have a higher risk of severe OFC and accidental reactions than younger children. 28, 29 The results of the current study also confirm increasing age as a predictor for the severity of DBPCFC reactions and for accidental reactions in a pediatric population.
Our data show no significant difference in the severity of DBPCFC reactions by type of food. This could be because the sever- The role of the level of sIgE in the severity of reactions is not clear. Various studies have shown that the level of sensitization (sIgE and SPT) and previous severe accidental reactions are predictive of more severe food challenge reactions. 4, 6, 7, 11, 17, 29, 31, 32 However, other studies present conflicting results. 8, 10 Our results show that the contribution of the level of sIgE and SPT to the severity of reactions is present, but small, and therefore, based on our results, as well as previous studies, we conclude that SPT and the level of sIgE are not particularly useful on their own in clinical practice for predicting more severe reactions in individual patients. Therefore, the use of absolute values with cutoffs would be very unlikely to reveal any useful cutoff values for clinical practice.
Our data show that previous more severe accidental reactions are weakly predictive of the severity of oral food challenge reactions and vice versa. Even though this effect is small, and not particularly useful in clinical practice, this suggests that individual patients may have a certain, to date unidentified, intrinsic severity component.
Asthma has been proposed to be a risk factor for severe reactions. 9 However, our results show that asthma is not a significant predictor for the severity of reaction during DBPCFC after correcting for age. Additionally, no relationship between asthma and the severity of accidental reactions was found. This could be because asthma is generally well controlled during the food challenges in our center and therefore contributes very little to the severity of reactions. Furthermore, as has been pointed out by others, 3 although asthma is common in patients with fatal or near-fatal reactions, the vast majority of food-allergic patients with asthma will never experience such reactions. Thus, asthma does not seem to independently be a strong predictor for the severity of reactions.
Our data show that more severe reactions during DBPCFCs tend to occur more frequently at lower dose levels using the scoring system of Astier et al. However, this effect was weak and severe reactions were not limited to low doses. The analysis per type of food showed that ED is a predictor for the severity of reaction for peanut and hazelnut, but not for milk, cashew, or egg. For the latter 3 foods, the contribution of ED to the severity of reaction could be much smaller than for peanut and hazelnut, and therefore, it is possible that this potential effect was not shown. This is an argument for further studies with larger groups.
The weak association between the eliciting dose and the severity of the DBPCFC reaction has been proposed to be at least partly due Moreover, severe reactions can be halted by prompt treatment and may therefore be more difficult to predict because treatment modifies the outcome independently of severity. It is reasonable to conclude that this occurs during the food challenge setting, where patients are observed at all times and treated relatively quickly.
In conclusion, the severity of reactions during DBPCFCs and accidental reactions to foods is determined by numerous factors, most of which currently seem to be unknown. Thus, the severity of 
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